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ABSTRACT 

Chemical and i so top ic  data  of thermal waters 
i n  Long Valley caldera  have been used t o  
i d e n t i f y  both t h e  o r i g i n s  and c h a r a c t e r i s t i c s  ' o f  
t h e .  f l u i d s  and to eva lua te  mixing and bo i l ing  
processes.  occurring within the  l a t e r a l  flow 
system of t h e  caldera. Recharge t o  t h e  Long 
Val ley geothermal system occurs i n  t h e  western 
p a r t  o f  t he  caldera  with t h e  water being heated 
a t  depth and flowing l a t e r a l l y  eastward i n  the  
subsurface.  The l a t e r a l  flow system was 
r e c e n t l y  in t e r sec t ed  by t h e  Shady Rest 

' Continental  S c i e n t i f i c  D r i l l i n g  Program (CSDP) 
corehole  a t  335 m (1100 f t )  with f l u i d s  i n  t h i s  
202°C zone being more concentrated.  than 
non-boiled f l u i d s  to the  e a s t .  A s  t h e  
Na-K-HC03-Cl thermal f l u i d s  flow eastward, 
t hey  a r e  increasingly mixed with is0 t o p i c a l l y  
depleted,  d i l u t e  groundwaters similar t o  cold 
waters e a s t  of Lake Crowley. Near surface 
b o i l i n g  of Casa Diablo well f l u i d s  a t  100°C 
forms waters with the  compositions of  Colton and 
Casa Diablo h o t  springs.  Waters t o  t h e  e a s t  of 
t h e  Casa Diablo area a r e  mixtures of meteoric 
water and boi led thermal f l u i d s  with a composi- 
t i o n  c lose  t o  t h a t  of Colton Hot Spring. There 
is  no c o r r e l a t i o n  between 3 H  and 36Cl i n  
thermal  f l u i d s  or between these components and 
conservat ive species ,  and i t  appears  t h a t  cold 
f l u i d s  involved i n  mixing must be r e l a t i v e l y  old 
waters, low i n  both meteoric 3H and 36Cl. 

, 

I NTRODUC TION 

Long Valley is an e l l i p t i ca l ly - shaped  
ca lde ra  located a t  t he  boundary between t h e  
S i e r r a  Nevada and Basin and Range t ec ton ic  
provinces i n  eas t - cen t r a l  Ca l i fo rn ia .  The 
ca lde ra  formed 0.7 Ma with the  e rup t ion  of 
600 km3 of t h e  Bishop Tuff.  Between 0.6 and 
0.1 Ma, r h y o l i t e s ,  rhyodacites and b a s a l t s  were 
extruded around the resurgent  dome which is 
loca ted  i n  t h e  west-central  p o r t i o n  of t h e  
ca lde ra .  The Inyo domes, located i n  t h e  western 
t h i r d  of t h e  caldera,  a r e  r ecen t  r h y o l i t i c  
e r u p t i v e  domes with ages as young as  500 t o  600 
yea r s  and possibly were fed by t h e  Inyo d ike  
chain.  Mammoth Mountain, which i s  a t  the  
southern terminus of t h e  Inyo d ike  cha in ,  ranges 
i n  age  from 250,000 y r  a t  its base t o  50,000 y r  
a t  t h e  summit. The geology and geologic  h i s t o r y  

of t he  Long Val ley ca lde ra  has been described by 
Bailey e t  a l .  (1976) and Bailey and Koeppen 
(1977) 

C h a r a c t e r i s t i c s  of t h e  geothermal system 
associated with t h e  ca lde ra  have been s tud ied  by 

' s eve ra l  i n v e s t i g a t o r s  (Mariner and Willey,  1976; 
Sorey e t  al.; 1978; Blackwell, 1985; F a r r a r  e t  
a l . ,  1985; Sorey, 1905; Sorey e t  a l .  1986; and 
Shevenell  e t  a l . ,  1986). According t o  Sorey 
(1985), recharge t o  the  hydrothermal system 
occurs on t h e  western edge of t he  ca lde ra  a long  
the  S i e r r a  Nevada f ron t .  Meteoric water t hen  
pe rco la t e s  downward and is  heated a t  depth by a 
r e l a t i v e l y  young i n t r u s i o n ,  which i s  probably 
associated wi th  t h e  Inyo dike chain.  Thermal 
f l u i d s  flow l a t e r a l l y  toward t h e  e a s t ,  around 
the  southern edge of t he  resurgent  dome, and 
become i n c r e a s i n g l y  mixed with d i l u t e  meteoric 
groundwaters t o  form the  more d i l u t e d  f l u i d s  
found wi th in  t h e  caldera .  

Several  shallow holes  have been d r i l l e d  in 
t he  Long Val ley ca lde ra  t h a t  show evidence o f  
i n t e r s e c t i n g  t h e  l a t e r a l  flow system, with tem- 
pe ra tu re  r e v e r s a l s  occurr ing i n  t h e  upper por- 
t i o n s  of  t h e  d r i l l  holes  (Sorey e t  a l . ,  1978; 
Blackwell, 1985).  A recent  CSDP ho le  was cored 
near  t he  Shady Rest campground i n  Mammoth Lakes 
i n  the western p a r t  of t h e  caldera .  The Shady 
Rest corehole  e x h i b i t s  s t rong  evidence of i n t e r -  
s e c t i n g  t h e  l a t e r a l  flow system i n  the  western 
caldera  r eg ion  (Table 1). The samples l i s t e d  i n  
Table 1 were co l l ec t ed  and analyzed i n  1984, 
1985, and 1986 according t o  the  procedures o f  
T r u j i l l o  e t  a l . ,  1987. This r e p o r t  combines 
chemical and i s o t o p i c  data from t h e  s p r i n g s  
within t h e  c a l d e r a ,  from f l u i d s  i n  the  Casa 
Diablo we l l s ,  and from f l u i d s  i n  the  Shady Rest  
corehole t o  evaluate  mixing and b o i l i n g  
processes i n  the  Long Valley l a t e r a l  f low 
system. This  c h a r a c t e r i z a t i o n  of t he  thermal 
f l u i d s  a s soc ia t ed  with Long Valley i s  p a r t  of  a 
background s tudy  f o r  f u t u r e  CSDP p r o j e c t s  and i s  
designed t o  h e l p  i d e n t i f y  f u t u r e  d r i l l i n g  
t a r g e t s  . 
SHADY REST COREHOLE 

In  June 1986, t he  Shady Rest ho le  was 
continuously cored i n  the southwestern moat a r e a  
of  Long Val ley ca lde ra  t o  a completed depth of 
426 m (1397 f t )  and a maximum temperature o f  
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Table 1. Chemicala and Isotopicb Data of Thermal and N o n t h e ~ a l  Waters i n  Long Valley Caldera. 

Sample 
NO. Name 

Date Temp. F ie ld  
Collected ( " C )  pH Si02 Na K L i  Ca Mg 

LV86-9 
LV 86 .. 1 1 
LV85-12d 
Lv85-23d 
LV 85 -2 4 
LV86-13 
H LV -3 
MLV-25 
LV86-12 
MLV-11 
MLV-26 
MLV-12 
M LV-7 
MLV-27 
LV 86 -2 
LV 86 -6 
MLV-13 

HC-1 
MLV-20 
MLV-17 
MLV-18 
MLV-16 
HLV-21 
MLV-19 

LV 85 -7 
MLV-5 
MLV-4 

. LV 86 07 

HLV-1 5d 

Shady Rest Core Hole a t  1100 f t  
Shady Rest Core Hole a t  1100 f t  
Casa Diablo Well # l  
Casa Diablo Well # l  
Casa Dfablo Well #3 
Casa Diablo Well 113 
Casa Dlablo Hot Spring 
Casa Dlable Hot Spring 
Casa Diablo Hot Spring 
Col ton Hot Spring 
Col ton Hot Spring 
Casa Diablo Pool 
Hot Creek Hot Spring 
Hot Creek Hot Spring 
Hot Creek Hot Spring 
Hot Creek Hot Spring- 
L i t t l e  H o t  Creek Hot Spring" 
L i t t l e  Hot Creek Hot Spring 
H d t  Creek Gorge Well 
Meadow Hot Spring 
Hot Spring North of Whitmore 
Big Alkali Hot Spring 
Whitmore Warm Spring 
East Crowley Warn Spring 
Big Spring 
Fish Hatchery Spring 
Laurel Spring 
Red's Meadow Hot Spring 
Soda F l a t  Spring 

11 186 
1 1 /86 
5/85 
5/85 
5/85. 

1 1 /86 
11/64 
2/85 

1 1 /86 
11 184 
2/85 

11 /84 
11 184 
2 185 
5/86 

11 /86 
11 /84 
1 1/86 
11 184 
11 /84 
11 /84 
1 1 /84 
1 1 /84 
11 /84 
1 1 /84 
11 1'84 
5/85 

1 1 /84 
1 1 /84 

202 . 
202 
168 
168 
171 
170 
95.4 
95.4 
94 .O 
95.0 
93.5 
69.0 
85.9 
84.8 
94 .O 

82.7 
93.0 

85.0 
93.2 
67.2 
57.1 
58.2 
33.4 
30.2 
10.2 
14.5 
11.8 
13.3 
13.3 

5.94 
5.94 
8.75 
5.60 
6.10 
6.07 
8.50 
8.50 
895 
8.75 
8.35 
7.35 
8.19 
8.02 
8.4 
8.04 
7.15 
7.0 
7.20 
6.81 

7;17 

8.57 
7.40 
7.18 
8.55 
7.02 
6.49 

7.92 

7.71 

290 374 42 2.78 
290 382 45 2.83 
275 418 40.0 3.40 
210 392 36.0 3.20 
245 378 38.0 3.00 
255 336 32 2.66 
280 420 34 3.27 
307 436 34 3.54 
290 450 43 3.41 
249 395 24 3.05 
280 395 23 3.13 
212 370 20 2.85 
138 375 20 2.55 
160 386 20 2.64 
135 379 19 2.54 
150 380 23 2.43 

90. 390. 26 2.66 
201 357 18.7 .2.64 
200 234 36 1.70 
119 303 23 2.2 
190 376 29 1.70 
69 112 7.6 0.78 
71 83 5.3 0.29 
51 20 3.5 0.03 
53 21 4.4 0.11 
21 6.1 1.2 <0.01 

148 132 5.8 0.97 

. 86 400 22 _. 2.76 

78 485 19 2.06. 

3.9 
7.3 
1.8 
1.6 
2.0 
5.5 
1.6 
1.7 
1.7 
2.9 
2.0 
9.9 
5.3 
6.8 
9.5 
5.2 

23.9 
22.8 
16.1 

4.1 
14.8 
24.9 
19.9 
5.4 
4.9 

12.3 
15.7 
60.7 
43.1 

0.17 
0.12 
0.15 
0.14 
0.18 
0.20 
0.12 
0.02 

<0.01 
0.02 
0.01 
0.22 
0.2'1 
0.33 
0.5 
0.16 
0.63 
0.52 
0.45 
0.66 
0.39 
0.63 
1.69 
0.11 
5.02 
8.63 
0.59 
2.20 

26.2 

aChemioal analyses were performed by P. E. Tru j i l l o ,  Jr. and Dale Counce, Lo's Alamos National Laboratory. 

bStable isotope analyses were performed by C. Janik, U.S.G.S.. Menlo Park, CA; t r i t i um analyses were 
performed by D r ,  H. Gote Ostlund a t  t he  University of M i a m i  while C 1  da ta  were provided by Dr. F. 
Phi l l i p s ,  New Nexico I n s t i t u t e  of Mining and Technology, Socorro, NH. 

Springs a re  l i s t e d  according t o  the i r  locations from west t o  e a s t  within t h e  caldera.  C '  

dCollected by C. Jae ik ,  USGS, Menlo Park, CA. 
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Fig. 1. Temperature p r o f i l e  of t h e  CSDP Shady 
Rest corehole measured on Ju ly  7, 1987. The 
temperature l o g  was run by Ron Jacobson and Bob 
Myers of  Sandia Nat ional  Laborator ies .  

202°C (Wollenberg, 1986). I n  J u l y  1986 a 
temperature log of t h e  hole  was obtained,  with 
. the  two l o s t  c i r c u l a t i o n  zones a t  400 and SO0 f t  
being q u i t e  evident  (Pig.  1). gear  LOO0 f t ,  t h e  
temperature r i s e s  r a p i d l y  t o  202°C and then 
becomes isothermal  below 1100 ft .  Because t h i s  
r ap id  i n c r e a s e  i n  thermal q rad ien t  sughlests a 
thermal f l u i d  inflow zone, t h e  1100 f t  zone was 
pe r fo ra t ed  i n  l a t e  October 1986 by s c i e n t i s t s  
from Lawrence Berkeley Laboratory, t h e  U.S.G.S., , 

and Sandia Mational Laborator ies .  

I n  November 1986 t h r e e  wellbore volumes were 
b a i l e d  from the  Shady Rest corehole.  Following 
t h i s ,  an i n - s i t u  f l u i d  sample was obtained from 
t h e  pe r fo ra t ed ,  202°C zone a t  1100 f t  using a 
gaa-t ight  f l u i d  sampler operated by Los Alamos 
Nat ional  Laboratory s c i e n t i s t s .  The chemistry 
of t h e  1100 f t  f l u i d  zone v e r i f i e s  t h a t  t h e  
corehole  i n t e r s e c t e d  t h e  l a t e r a l  flow eystem. 
Sample. LV86-9 (Table 1 )  was obtained wi th  t h e  
i n - s i t u  sampler while LV86-11 was obtained with 
t h e  b a i l e r .  Both samples chemically resemble 
thermal f l u i d e  i d e n t i f i e d  east of t h e  corehole .  
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Table 1 (cont) 

. Sample -xlOls 3 6 ~ 1  6 D  6’80 3 H  
No. c1 F HC03 SO4 B Br c1 P / ; 6 )  ( O / b * )  (TU 1 “4 

LV86-9 

LV85-12d 
Lv 85-2 3, 
LV 85 -2 4 
LV86-13 
MLV-8 
M LV -25 
LV86-12 
MLV-11 
HLV-26 
HLV-12 . 
M LV -7 
MLV-27 
LV86-2 

LV86-11 d 

LV86-6 
HLV-13 
LV86-7 
HC-1 
HLV-20 
MLV-17. 
HLV-18 
MLV-16 
MLV-21 
MLV-19 
MLV-15 
LV85-7d 
H LV -5 
MLV-4 

279 . 
296 
270 
24 4 
238 
2 30 
30 4 
290 
317 
269 
257 
241 
21 4 
208 
205 
223 
204 
207 
195 ’ 

20 1 
173 
144 
54 
20 
4.5 
3.7 
2.0 
6 ..6 

290 

8.65 
10.2 
10.10 
10.10 
9.50 
9.4 

12.0 
12.2 
13.7 
9.9 

10.6 
10.5 
9.0 
8.8 
9.15 
9.92 
7.6 
8.42 
7.7 
7.8 
7.1 
4.62 
2.48 
1.86 
0.45 
0.28 
0.12 
4.64 
2.86 

610 141 
466 138 
37 4 124 
42 5 119 
42 3 116 
451 1 07 
39 8 147 
283 136 
268 144 
345 131 
35 3 127 
4 07 118 
564 89 
558 90.7 
57 2 88.2 

95 
71 409 2 97 
728 99 
565 . 86.0 
133 114 
506 , 74 
769 64 
230 33.1 
161 18 
76.3 4.7 

113 9.3 
46.4 18.4 

495 32 
1050 34 

12.2 
12.3 
11.80 
11.10 
11.40 
9.9 

13.7 
13.7 
13.3 
11.6 
11.8 
11.6 
10.0 
10.2 
11.5 
10.7 
9.1 
8.97 
7.7 
9.1 
8.2 
6.6 
2.74 
0.56 
0.20 
0.07 

. 0.04 
1.75 
7 .O 

-- 
0.5 
0.6 
0.5 
0.5 
0.7 
0.77 
0.70. 

’ 0.5 
(0.5 
0.56 
0.60 
0.50 
0.57 
0 - 3  
0.3 
0.40 . 
0.3 
0.53 - 
2.7. 
0.80 
0.36 
0.15 
0.04 

C0.03 
(0.03 
co .  1 
CO .03 
0.51 

2.6 
0.04 
0.21 
0.31 
0.29 
0.77 
0.09 
0.09 
0.02 
0.12 
0.15 
0.09 
0.06 
0.12 
0.24 
0.45 
0.11 
0.02 
0.33 
(0. 02 
<o .02 
0.07 

co .02 
(0.02 
<o .02 
(0.02 
(0.02 
co.  02 
eo .02 

-115.1 
-115.4 

-118.4 

-117.7 
-113.3 

-113.1 
-117.1 

-114.3 

-- 
-- 

-- 

_- 

-14.29 
-14.30 
-14.34 
-14.72 
-14.69 . 
-14.78 
-13.27 

-13.66 
-14.29 

-13.05 
-14.93 

-- 

-- 
-- 
_- 
14.84 

-15.6 
-15.55 -- -- . -- 
-1 6.09 -- -- 
-15.83 
-15.70 

16.97 
14.98 

-14.91 

- 
1.40 -- -- 
0.26 
0.22 
0.35 -- 
0.33 
0.40 

0.62 
0.23 

-- 
-- _- 
0.30 
0.16 
0.17 

3.03 
0.50 
0 
4 .o 
0.28 

-- 

-- 
22.3 

8.23 
2.32 
5.33 

However, t he  corehole  samples a r e  s l i g h t l y  
contaminated with d r i l l i n g  f l u i d s  as t h e  samples 
con ta in  high concentrat ions o f  Ca and ’JH which 
a r e  a l s o  high i n  young l o c a l  meteoric water used 

’ i n  t h e  d r i l l i n g  muds. ‘The Shady Rest borehole 
was not allowed t o  f low,  and hence, t h e  borehole 
was no t  completely flushed of t h e  d r i l l i n g  f l u i d  
contaminants. Nevertheless , t h e  Shady Rest 
samples, which occur 4 km west of  Casa Diablo, 
up-gradient on t h e  . l a t e r a l  flow system, a r e  t h e  
most concentrated,  non-boiled thermal f l u i d s  
encountered i n  t h e  flow system t o  date.  

STABLE ISOTOPES 

From s t a b l e  i so tope  d a t a ,  Sorey (1985) 
showed t h a t  recharge t o  the  Long Valley thermal 
system occurs i n  t h e  western p a r t  of t h e  ca lde ra  
a long the  S i e r r a  Nevada f ron t .  A l l  thermal 
waters i n  Long Valley f a l l  t o  t h e  r i g h t  of t h e  
world meteoric water l i n e  on a p l o t  of 6 D  vs 
6l8O (Fig. 2) .  The oxygen-18 enrichment of 
t he  thermal f l u i d s  suggests high temperature 
i s o t o p i c  exchange between water and rock a t  

DEUTERIUM VS OXYGEN - 18 

-1 1 4  

z -11 

-1 2 

-1 2 -1 -1 -20 

r 1 E. CR)WLEY wa 
/ 

I 
-19 -18 -17 -16 -15 -14 -13 -12 -11 

b’BO (%o) 

Fig. 2. Deuterium versus oxygen-18 f o r  thermal 
and nonthermal waters  i n  Long Valley ca lde ra .  
T r i ang le s  r ep resen t  co ld ,  meteoric waters  
whereas dots  r ep resen t  thermal f l u i d s .  The 
t r i a n g l e  labeled A is  t h e  sp r ing  e a s t  o f  Lake 
Crowley of Mariner and Willey,  1976. I s o t o p i c  
d a t a  used f o r  t h i s  p l o t  i s  located in Table 1. 
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depth. Figure 2 i l l u s t r a t e s  a t rend between 
depleted i so top ic  compositions of sp r ings  i n  t h e  
Casa Diablo a rea  toward t h e  e a s t  a t  s p r i n g  A, 
located e a s t  of  Lake Crowley (Mariner and 
Willey,  1976). Thermal f l u i d s  become 
inc reas ing ly  depleted i n  deuterium and oxygen-18 
from west t o  e a s t  a long t h e  l a t e r a l  flow system 
(Table 1). Apparently, thermal waters become 
inc reas ing ly  d i l u t e d  towards the  e a s t  with 
i s o t o p i c a l l y  depleted meteoric water s i m i l a r  t o  
s p r i n g  \A. Therefore,  it appears t h a t  t h e  
d i l u t i n g  f l u i d s  t h a t  mix with thermal waters 
f rom t h e  western p a r t  of  t h e  ca lde ra  o r i g i n a t e  
from t h e  eas t e rn  p a r t  of  t h e  caldera .  

The s t a b l e  i so tope  data  of Fig. 2 and 
Table 1 a l s o  i n d i c a t e  t h a t  bo i l i ng  occurs i n  t h e  
Casa Diablo a rea .  If we assume t h a t  f l u i d  i n  
Casa Diablo well  #1 is most r ep resen ta t ive  of 
deep geothermal water beneath t h e  s i t e ,  then we 
can c a l c u l a t e  t h a t  t h e  i s o t o p i c  enrichment i n  
the  Colton and Casa Diablo hot  sp r ings  r e s u l t s  
from t h e  b o i l i n g  o f .  Casa Diablo we l l  f l u i d s  a t  
100°C. Therefore,  Casa Diablo wel l  f l u i d s  must 
r i s e ,  cool  conductively t o  near  lOO"C, and b o i l  
i n  t h e  near-surface t o  form s l i g h t l y  more con- 
cen t r a t ed  f l u i d s  with t h e  compositions of Colton 
and Casa Disblo h o t  sp r ings .  Additional 
evidence of b o i l i n g  i n  t h e  Casa Diablo a r e a  is 
presented i n  t h e  fol lowing sec t ions .  

C HENIS TRY 

The thermal f l u i d s  i n  Long Valley ca lde ra  
a r e  Na-K-HCOg-C1 waters  with t o t a l  dissolved 
s o l i d s  up to  1600 mg/. i n  t he  western p a r t  of 
t h e  ca lde ra .  Thermal f l u i d s  con ta in  s i g n i f i c a n t  
concentrat ions o f  As, B ,  F, L i  and "4. 
Cation geothermometers, calculated from t h e  
f l u i d  chemistry from t h e  Casa Diablo wells, 
i n d i c a t e  e q u i l i b r a t i o n  temperatures b e t  we en 210 
and 220°C (Table 2 ) .  S i l i c a  geothermometers 
from t h e  same f l u i d s  y i e l d  temperatures l e s s  
than 2OO0C, poss ib ly  due t o  b o i l i n g  and 
p r e c i p i t a t i o n  o f  Si02 a t  Casa Diablo. Cation 
geothermometer temperatures from t h e  Shady Rest 

, f l u i d s  i n d i c a t e  , e q u i l i b r a t i o n  between 200 and 
210'C; * i l e  t he  . q u a r t %  conductively cooled 
geothermometer y i e l d s  'a temperature of  203" C ,  
which is p rec i se ly  t h e  cu r ren t  temperature of 
t he  zone sampled a t  335 m i n  t h i s  corehole.  

Mixing i s  a n  important process occur r ing  i n  
the  thermal f l u i d s  of t he  ca lde ra .  A c o n s i s t e n t  
decrease i n  conservat ive spec ie s  (Cl,  B, L i ,  F) 
occurs  from west t o  .east  as thermal f l u i d s  a r e  
i n c r e a s i n g l y  mixed with d i l u t e  groundwaters 
o r i g i n a t i n g  from the  eas t .  A p l o t  of  B vs C 1  
(Fig.  3)  i l l u s t r a t e s  a d i s t i n c t  mixing t r end  
with thermal f l u i d s  becoming i n c r e a s i n g l y  
d i l u t e d  along t h e  l a t e r a l  flow path toward t h e  
east. Bo i l ing  and mixing t r ends  a r e  co inc iden t  
on t h e  p l o t  of Fig.  3 with t h e  Shady Rest sample 
r ep resen t ing  t h e  most concentrated,  unboiled 
thermal f l u i d  encountered wi th in  the  ca lde ra .  
Thus f l u i d s  from t h e  Shady Rest borehole are t h e  
most r ep resen ta t ive  of end-member geothermal 
f l u i d .  The Casa Diablo we l l s  must, t h e r e f o r e ,  
be s l i g h t l y  d i l u t e d  vers ions of t he  Shady Rest 
f l u i d s .  The p l o t  of  Fig. 3 and t h e  s t a b l e  
i so tope  d a t a  suggests  t h a t  Casa Diablo ho t  
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Fig. 3. P l o t  of  B versus  C 1  of thermal and 
nonthermal waters  i n  Long Val ley caldera .  The B 
and C 1  d a t a  a r e  tabulated i n  Table 1. The t h r e e  
low concen t r a t ion  po in t s  r ep resen t  t h e  composi- 
t i o n s  of samples MLV-19, MLV-15 and LV85-7 
(Table 1 ) .  

Table 2 .  Chemical Ceothermnmeter Temperatures ("C) of Selected Thermal Waters i n  Long Valley Caldera. 

Sample Name 

Na-K-Ca 

Measured Qtza Qtzb Chalce- Ne-K 6-413 B = l / 3  Mg 
Temp( 'C) dony Corr . 

LV86-3 Shady Rest Core Hole a t  1100 f t  202 191 203 190 207 211 209 209 
LV85-12 Casa Mablo Well #l  168 188 199 185 213 293 2 19 2 19 
LV86-13 Casa Diablo Well #3 . 170 . 183 194 178 213 217 203 203 

MLV-26 Colton Hot Spring 93.5 189 200 187 175 243 187 187 

LV86-7 L i t t l e  Hot Creek Hot Spring 85.0 129 129 103 185 155 173 173 

LV86-12 Casa Diablo Hot Sprlng . 94 .O 191 203 190 213 304 221 221 

LV86-6 Hot Creek Hot Spring 93.0 . 154 159 136 177 201 180 180 

BAdiabatically cooled. 
bConduct tve ly  cooled.  
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spr ing,  and possibly Colton h o t  sp r ing ,  have 
been concentrated by boi l ing.  The Soda F l a t  and 
Reds Meadow sp r ings ,  . located west of Mammoth 
Mountain, do not l i e  on the  mixing t r e n d ' i d e n -  
t i f i e d  by t h e  thermal f l u i d s  wi th in  the  caldera  
and m u s t  have d i s t i n c t  hydrologic  and geochem- 
i c a l  controls .  

Both t h e  s t a b l e  isotope p l o t  (Fig. 2) and 
t h e  B vs C 1  data (Fig. 3) suggest t h a t  mixing 
and boi l ing occur within t h e  caldera ,  ye t  
bo i l i ng  cannot be uniquely d i s t ingu i shed  from 
mixing. I n  o rde r  t o  i s o l a t e  t h e  two processes 
and determine i f  bo i l ing  of Casa Diablo well 
f l u i d s  forms f l u i d s  with t h e  compositions of 
Colton and Casa Diablo ho t  sp r ings ,  N q  da ta  
is examined. This spec ie s  w i l l  p a r t i t i o n  i t s e l f  
between the  l i q u i d  and vapor phases. The NH4 
versus C 1  p l o t  (Fig. 4) more c l e a r l y  i d e n t i f i e s  
t h e  end-member, boi led,  and mixed components of 
t h e  thermal f l u i d .  I n  o rde r  t o  v e r i f y  t h a t  t h e  
t rend on t h e  r i g h t  of  Fig. 4 r .esul ts  from 
bo i l ing ,  we f irst  assume t h a t  Casa Diablo well 
f l u i d s  a r e  s l i g h t l y  d i l u t e d  Shady Rest f l u i d s ,  
8and conductively.  cool t o  100°C before  boi l ing. .  
Using C 1  mass balance, .  we f i n d  t h a t  9 and 19% 
steam loss from bo i l ing  of wel l  f l u i d s  would 
form the  sp r ings  a t  Colton and Cam Diabl?. 
With these steam f r a c t i o n s  and t h e  gas d i s t r i b u -  
t i o n  c o e f f i c i e n t  f o r  NH3 f o r  s ingle-s tage 
b o i l i n g  at 100°C (Henley e t  al., 1984), bo i l ing  
o f  Casa Diablo wel l  f l u i d s  w i t h ' a  steam loss of 
9% would r e s u l t  i n  an NH4 concentrat ion of 
0.14 mg/fi. This i s  t h e  measured N& concen- 
t r a t i o n  of Colton hot  spr ing.  Boi l ing with a 
19% steam loss r e s u l t s  i n  an  NH4 concentrat ion 
o f  0.09, aga in  the  measured NH4 value of Casa 

Diablo ho t  spr ing.  Therefore,  t h e  "4 and C 1  
d a t a ,  combined with the  evaluat ions made with 
t h e  s t a b l e  i so tope  and B da t a ,  i n d i c a t e  t'nat 
b o i l i n g  of Casa Diablo wel l  f l u i d s  a t  100°C with 
steam l o s s e s  of 9 and 19% forms t h e  f l u i d s  a t  
Colton and Casa Diablo h o t  spr ings,  r e spec t ive ly .  

NH4 and C 1  concentrat ions were a l s o  c a l -  
culated f o r  boi led f l u i d s  with l t o  25% steam 
loss. These values  a r e  represented by t h e  curve 
on the  r i g h t  of t he  p l o t  of Fig. 4. 
C1 data  a l s o  suggest  a mixing t rend.  Mixing 
apparent ly  occurs between boiled f l u i d  . similar 
t o  Colton h o t  sp r ing  and cool,  d i l u t e  ground 
waters,  with d i l u t i o n  increasing toward. t he  
e a s t .  Therefore,  mixing within t h e  ca lde ra  does 
no t  occur between end-member thermal water 
( i . e . ,  Shady Rest)  and d i l u t e  groundwater, bu t  
between bo i l ed  Casa Diablo well  f l u i d ,  such as 
Colton ho t  sp r ing ,  and d i l u t e  f l u i d s  from t h e  
east. 

The NH4 and 

3H AND T 6 C l  

The 3 H  and analyses were done f o r  
s e v e r a l  of  t h e  thermal and nonthermal waters  
within the  ca lde ra  t o  i d e n t i f y  t h e  r e l a t i v e  ages 
of  f l u i d s  and t h e i r  depths of c i r c u l a t i o n  
(Table 1). A l l  thermal f l u i d s  wi th in  t h e  
ca lde ra  a r e  low i n  both 3H and 3 k l ,  
however, t h e r e  is  no trend of i nc reas ing  3H 
concentrat ion with increasing 36Cl. Also, 
t he re  is no c o r r e l a t i o n  between 3H and y6Cl  
and conservat ive spec ie s .  If thermal waters 
were being d i l u t e d  with young shallow 
groundwaters, one would expect a n  inc rease  of . 

AMMONIUM VS CHLORIDE 
0.4- 
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Fig. 4. NH4 versus C 1  f o r  thermal and nonthermal waters i n  Long Valley caldera .  
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3H and 3 % ~  with decreasing t o t a l  C 1  
content.  Because t h i s  t r end  does not  e x i s t ,  
mixing of thermal f l u i d s  does not occur with 

' young near surface groundwaters. Except f o r  t he  
h o t  sp r ing  north of Whitmore and Meadow hot  
sp r ing ,  i t  appears , t h a t  most cold end-member 
f l u i d s  involved i n  mixing i n  t h e  caldera  must be 
r e l a t i v e l y  o ld ,  deeply c i r c u l a t i n g  f l u i d s ,  low 
i n  both meteoric 3 H  and 36Cl (Table 1). The 
r e l a t i v e l y  old age of t h e  d i l u t e  waters implies  
t h a t  these waters must c i r c u l a t e  f a i r l y  deeply 
before  mixing with thermal  waters i n  t h e  caldera .  

' SYSTEM MODEL 

The data  discussed i n  t h e  previous sec t ions  
allow the  p re sen ta t ion  of  a s implif ied model of 
t h e  geothermal system i n  Long Valley. Figure 5 
i s  a s impl i f i ed  c ros s - sec t ion  which h a s  been 
modified from the  model proposed by Sorey (1985). 
Recharge t o  the  thermal system occurs i n  the  

' western p a r t  of t he  c a l d e r a  with meteoric  water 
pe rco la t ing  downward t o  some depth a n d .  being 
heated by a r e l a t i v e l y  r e c e n t  i n t r u s i o n  a t  some 
point  west of  Shady Rest. From the  r e s u l t s  of 
t h e  CSDP d r i l l i n g  i n  t h e  v i c i n i t y  of  t h e  Inyo 
d ike  chain (Eichelberger  e t  al., 1985, 1986) and 
from t h e  young ages of  t h e  Mammoth Mountain-Inyo 
dike chain a r e a ,  t h e  proposed i n t r u s i o n  must be 
d a c i t i c  t o  r h y o i t i c  magma i n  t he  upper 3 km of 
t h e  c r u s t .  Because low pressure fumaroles occur 
on Mammoth Mountain and Red's Meadow h o t  sp r ing  
is rep resen ta t ive  o f  a steam heated s p r i n g ,  i t  
is  poss ib l e  t h a t  major convective upflow occurs 
beneath Mammoth Mountain. Thermal f l u i d s  must 
r i s e  along f a u l t  and f r a c t u r e  systems u t i l i z e d  
by t h e  young i n t r u s i v e s  be fo re  flowing l a t e r a l l y  
toward the  335 m zone i n t e r s e c t e d  by t h e  Shady 
Rest corehole. As t h e  f l u i d  flows l a t e r a l l y  t o  
t h e  e a s t ,  it mixes s l i g h t l y  and conduct ively 
cools  from 202°C measured a t  Shady Rest t o  170°C 
a t  t h e  Casa Diablo 
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wells. I n  the  Casa Diablo 

a r e a ,  thermal waters  must l o c a l l y  flow upward, 
cool  Conductively t o  nea r  100°C and b o i l  a t  
100°C i n  a near-surface environment. The 
bo i l ed  f l u i d s  form waters with the  compositions 
of Colton and Casa Diablo h o t  spr ings which a r e  
9 and 19% boi led.  Boiled f l u i d  similar i n  
chemical composition t o  Colton hot  s p r i n g  flows 
l a t e r a l l y  and becomes inc reas ing ly  d i l u t e d  
toward t h e  e a s t  with t h e  concentrat ions o f  con- 
s e r v a t i v e  spec ie s  decreasing toward the  e a s t .  
The s t a b l e  i so tope  d a t a  i n d i c a t e  t h a t  t h e  
d i l u t i n g  f l u i d s  o r i g i n a t e  from the  e a s t e r n  and 
sou the rn  po r t ions  of t h e  caldera .  The 3 H  and 
%l da ta  show t h a t  t h e  d i l u t e  ' w a t e r  i s  
r e l a t i v e l y  old and probably c i r c u l a t e s  deeply 
be fo re  r i s i n g  t o  mix wi,th the  thermal waters  
w i th in  t h e  ca lde ra .  
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